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(57) Abstract 

An additive for improving the cold flow properties of crude oil, lubricating oil or fuel oil-comprises one or more oil-soluble 
copolymers of ethylene and an unsaturated monomer of general formula (I), wherein R^ is hydrogen or methyl, is a -OOCR8 
group wherein R8 is a hydrogen formate or a C| to C28» more usually C| to C17, and preferably a C\ to Cg, straight or 
branched chain alkyl group, or R^ is a -COOR^ group wherein R8 is as defined above but is not hydrogen, and R'^ is hydrog- 
en or -COORS as defined above, and wherein (i) where there is more than one copolymer, the arithmetic mean of the content 
of said unsaturated monomer in the copolymers is below 1 1 mole %, or (ii) where there is one copolymer, the content of said 
unsaturated monomer in the copolymer is in the range of 6.5 to 10 mole %. 
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Additives and Fuel Compositions 

This invention relates to the use of additives for improving the cold flow 
properties of crude oil, lubricating oil or fuel oil, for example distillate petroleum 
5 fuel such as middle distillate fuel oil boiling within the range of 110°C to 500°C. 

When oils and fuel oils are subjected to low ambient temperatures, wax may 
separate out from the fuel and impair the flow properties of the oil. For example, 
middle distillate fuels contain wax which precipitates at low temperatures to form 
10 large waxy crystals which tend to plug the small pore openings of fuel filters. 
This problem is particularly acute when the fuel is a diesel fuel because the 
nominal apertures in the fuel filter of diesel engines are typically of diameter 
between about 5 and 50 microns. Additives are known in the art for overcoming 
the above problem and are called Flow Improvers. 

Such additives may act as wax crystal modifiers when blended with waxy 
mineral oil by modifying the shape and size of crystals of the wax therein and 
reducing the adhesive forces between the crystals and between the wax and the 
oil to permit the oil to remain fluid at a lower temperature than in the absence of 
20 the additive. 

EP-A-0 261 957 describes the use of additives for improving the cold flow 
properties of distillate fuels, and exemplifies an additive (designated Additive C 
therein) comprising the reaction product of one mole of phthalic anhydride with 
25 two moles of dihydrogenated tallow amine, to form a half amide/half amine salt, 
in combination with an additive (designated Additives A therein) comprising an 
ethylene-vinyl acetate copolymer or a mixture of two ethylene-vinyl acetate . 
copolymers. Specific examples of Additives A used with Additive C in 
EP-A-0 261 957 are: 

30 

Additive A1 , which is a 1 :3 (w/w) mixture of two copolymers, one being A2 as 
defined below and the other being A3 as defined below, thus, the average vinyl 
acetate content of A1 is 32.75 wt%. i.e. 13.7 mole%; 

35 Additive A2, which is a copolymer consisting of ethylene and about 17 wt% vinyl 
acetate and having an Mn of about 3000 as measured by Vapour Phase 
Osmometry (VPO), i.e. 6.25 mole% of vinyl acetate; 



wo 94/00535 



PCT/EP93/0I669 



Additive A3, which is a copolymer consisting of ethylene and about 38 wt% vinyl 
acetate and having an Mr of about 1800 as measured by VPO, i.e. 16.6 mole% 
of vinyl acetate; and 

5 Additive A4. which is a 50:50 mixture of Additives A2 and A3 as defined above, 
the average vinyl acetate content of A4 therefore being 27.5 wt%, i.e. 
1 1 mole%. 

Mn in this specification is the number average molecular weight and is as 
10 measured by Gel Permeation Chromatography (GPC) against polystyrene 
standards unless otherwise stated. 

A problem in the use of the above-exemplified additives is that the Additives A, 
although having good performance themselves for improving the cold flow 

15 properties of middle distillate fuels, do not necessarily give good cold flow 
properties when used in combination with Additive C. The present Invention 
meets the problem by employing additives that have a specified mole per cent of 
a comonomer such as vinyl acetate, the use of additives having such specified 
mole% giving rise to unexpected and surprising advantages over use of 

20 comparison additives in the cold flow properties of middle distillate fuel oils as 
will be illustrated in the examples hereinafter. 

Thus, in one aspect, the invention provides an additive comprising one or more 
oil-soluble copolymers of ethylene and an unsaturated monomei- of the general 
25 formula 

wherein is hydrogen or methyl. . _ 
30 R5 is a -OOCR8 group wherein R® is a hydrogen formate or a Ci to C28. more 
usually Ci to C17, and preferably a Gi to Cs. straight or branched chain alkyi 
group, or R5 is a -COOR8 group wherein R8 is as defined above but is not 
hydrogen, and R^ is hydrogen or -COOR8 as defined above, and 
wherein 
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(i) where there is more than one copolymer, the arithmetic mean of the 
content of said unsaturated monomer in the copolymers is below 
11 mole%, or 

5 (ii) where there is one copolymer, the content of said unsaturated monomer 

in the copolymer is in the range of 6.5 to 1 1 , preferably 10, mole%. 

In a second aspect, the invention provides the use of an additive of the first 
aspect of the invention for improving the cold flow properties of cojde oil, 
10 lubricating oil or a fuel oil such as a middle distillate fuel oil. 

In a third aspect, the invention provides a composition comprising an admixture 
of a major proportion of a crude oil, lubricating oil or a fuel oil such as a middle 
distillate fuel oil and a minor proportion of an additive of the first aspect of the 
15 invention. 

In a fourth aspect, the invention provides a concentrate comprising an admixture 
of an additive of the first aspect of the invention dispersed in a liquid medium 
compatible with a crude oil, lubricating oil or a fuel oil such as a middle distillate 
20 fuel oil. 

The features of the invention will now be discussed in further detail. 



25 



ADDITIVE 



Said unsaturated monomer may include alcohol esters of Ci to Cs mono- 
carboxylic acids, such as C2 to C5 mono-carboxylic acids. Examples of the 
monomer include vinyl acetate, vinyl propionate, vinyl butyrate or isobutyrate, 
vinyl hexanoate and vinyl octanoate, where vinyl acetate and vinyl propionate 

30 are preferred. It is preferred that the copolymers have a number average 

molecular weight as measured by vapour phase osometry of 1 ,000 to 10,000, 
preferably 1 ,000 to 5,000. If desired, the copolynier may be derived from 
additional comonomers, e.g. it may be a terpolymer or tetrapolymer or higher, for 
example where the additional comonomer is an iso-olefin such as isobutylene or 

35 di-isobutylehe. 
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When there is more than one copolymer, the arithmetic mean of the content of 
said unsaturated monomer is preferably from. 5 to 10 mole%. more preferably 6 
to 10 mole%, such as 7 or 8 to 10 mole%. 

5 When there is one polymer, the content of said unsaturated monomer is 

preferably from 7 to 10 mole%, more preferably 8 to 10 mole%, most preferably 
8 to 9 mole%. 

Such copolymers may be made by copolymerising ethylene and said 
10 unsaturated monomer. They may also be made by transesterification, or by 
hydrolysis and re-esterification, of an ethylene unsaturated ester copolymer to 
give a different ethylene unsaturated ester copolymer. For example, ethylene 
vinyl hexanoate and ethylene vinyl octanoate copolymers may be made in this 
way, e.g. from an ethylene vinyl acetate copolymer. 

IS 

OIL 

The oil may be a crude oil. i.e. oil obtained directly from drilling and before 
refining, the compounds of this invention being suitable for use as flow 
20 improvers or dewaxing aids therein. 

The oil may be a lubricating oil which may be an animal, fruit, vegetable or 
mineral oil, such as petroleum oil fractions ranging from naphthas or spindle oil 
to SAE 30, 40 or 50 lubricating oil grades, castor oil, fish oils or oxidised mineral 

25 oil. Such an oil may contain additives depending on its Intended use; examples 
are viscosity index improvers such as ethylene-propylene copolymers, succinic 
acid based dispersants. metal containing dispersant additives and zinc dialkyl- 
dithiophosphate antiwear additives. The additives of this invention may be 
suitable for use in lubricating oils as flow improvers, pour point depressants or 

30 dewaxing aids. 

The oil may be fuel oil such as a petroleum-based fuel oil. suitably a middle 
distillate fuel oil. Such distillate fuel oils generally boil within the range of about 
1 10°C to about 500°C. e.g. 1 50°C to about 400*0. The fuel oil can comprise 
35 atmospheric distillate or vacuum distillate, or cracked gas oil or a blend in any 
proportion of straight run and thermally and/or catalytically cracked distillates. 
The most common petroleum distillate fuels are kerosene, jet fuels, diesel fuels. 
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heating oils and heavy fuel oils. The heating oil may be a straight atmospheric 
distillate, or It may contain minor amounts, e.g. up to 35 wt%, of vacuum gas oil 
or cracked gas oils or of both. The above-mentioned low temperature flow 
problem is most usually encountered with diesel fuels and with heating oils. The 
5 invention is also applicable to vegetable- or other plant-based fuel oils, for 
example rape seed oil (e.g. as its methyl ester). 

The concentration of the additive in the oil may for example be 10 to 2,000 ppm 
of additive (active ingredient) by weight per weight of fuel, such as 50, preferably 
10 25 to 500 ppm, more preferably 100 to 200 ppm. The additive concentration 
may include co-additives such as described hereinafter. 

The additive should be soluble in the oil to the extent of at least 1000 ppm by 
weight per weight of oil at ambient temperature. However, at least some of the 
15 additive may precipitate from solution near the cloud point of the oil in order to 
modify the wax crystals that form. 

The ratio of the additive to any co-additive such as described hereinafter may for 
example be in the range of 20:1 to 1:20. such as 10:1 to 1:10, preferably 5:1 to 
20 1:5, all ratios being weightiweight. 

CO-ADDITIVES 

The additives of the invention may, as indicated above, be used in combination 
25 with one or more oil-soluble co-additives for improving the cold flow properties of 
crude oil, lubricating oil or fuel oil. Examples of such co-additives may be 
selected from polar nitrogen compounds, comb polymers, polyoxyalkylene 
compounds, hydrocarbon polymers, and sulphur carboxy compounds. Such co- 
additives will now be discussed in further detail. 

30 

(i) Polar Nitrogen Compounds 

Oil-soluble polar nitrogen compounds may be ionic or dipolar and may comprise 
for example one or more of the compounds (A) to (B) as follows: 

35 



I 
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(A) An amine salt and/or amide formed by reacting at least one molar 

proportion of a hydrocarbyl substituted amine with a molar proportion of a 
hydrocarbyl acid having 1 to 4 carboxylic acid groups or its anhydride. 

5 Ester/amides may be used containing 30 to 300, preferably 50 to 150, 

total carbon atoms. These nitrogen compounds are described in US 
Patent 4 211 534. Suitable amines are usually long chain C12-C40 
primary, secondary, tertiary or quaternary amines or mixtures thereof but 
shorter chain amines may be used provided the resulting nitrogen 
10 compound is oil soluble and therefore normally contains about 30 to 300 

total carbon atoms. The nitrogen compound preferably contains at least 
one straight chain Cs to C40, preferably C14 to C24 alkyi segment. 

Suitable amines include primary, secondary, tertiary or quaternary, but 
15 preferably are secondary. Tertiary and quaternary amines can only form 

amine salts. Examples of amines include tetradecyl amine, cocoamine, 
and hydrogenated tallow amine. Examples of secondary amines include 
dioctacedyl amine and methyl-behenyl amine. Amine mixtures are also 
suitable such as those derived from natural materials. A preferred amine 
20 is a secondary hydrogenated tallow amine of the formula HNR^R^ where 

in R"* and R2 are alkyI groups derived from hydrogenated tallow fat 
composed of approximately 4% C14. 31% Cie. 59% Cis- 

Examples of suitable carboxylic acids and their anhydrides for preparing 
25 the nitrogen compounds include cyclohexane 1,2 dicarboxylic acid, 

cyclohexene 1.2 dicarboxylic acid, cyclopentane 1.2 dicarboxylic acid and 
naphthalene dicarboxylic acid, and 1 ,4-dicarboxylic acids including 
dialkyi spirobislactone. Generally, these acids have about 5-13 carbon 
atoms in the cyclic moiety. Preferred acids useful In the present invention 
30 are benzene dicarboxylic acids such as phthalic acid, isophthalic acid, 

and terephthalic acid. Phthalic acid or its anhydride is particularly 
preferred. The particularly preferred compound is the amide-ami ne salt 
formed by reacting 1 molar portion of phthalic anhydride with 2 molar 
portions of dihydrogenated tallow amine. Another preferred compound is 
35 the diamide formed by dehydrating this amide-amine salt. 



t 
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Other examples are long chain alky I or alkylene substituted dicarboxylic 
acid derivatives such as amine salts of monoamides of substituted 
succinic acids, examples of which are known in the art and described in 
US-A-4 147 520. for example. Suitable amines may be those described 
5 above. 

Other examples are condensates such as described in EP-A-327,423. 

(B) A chemical compound comprising or including a cyclic ring system, the 
10 compound carrying at least two substituents of the general formula (I) 

below on the ring system 

-A-NR1R2 (I) 

15 where A is an aliphatic hydrocarbyl group that is optionally interrupted by 

one or more hetero atoms and that is straight chain or branched, and R"* 
and R2 are the same or different and each is independently a hydrocarbyl 
group containing 9 to 40 carbon atoms optionally interrupted by one or 
more hetero atoms, the substituents being the same or different and the 

20 compound optionally being in the form of a salt thereof. 

Preferably, A has from 1 to 20 carbon atoms and is preferably a 
methylene or polymethylene group. 

25 "Hydrocarbyl" in this specification means an organic moiety composed of 

hydrogen and carbon which, unless the context states otherwise, may be 
aliphatic, including alicyclic; aromatic; or any combination thereof. It may 
be substituted or unsubstituted alkyi, aryl or aralkyi and may optionally 
contain unsaturation. Examples where it is substituted are oxy-, 

30 halogeno- and hydroxy-hydrocarbyl. 

The cyclic ring system may include homocyclic, heterocyclic, or fused 
polycyclic assemblies, or a system where two or more such cyclic 
assemblies are joined to one another and in which the cyclic assemblies 
35 may be the same or different. Where there are two or more such cyclic 

assemblies, the substituents of the general formula (I) may be on the 
same or different assemblies, preferably on the same assembly. 
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Preferably, the or each cyclic assembly is aromatic, more preferably a 
benzene ring. Most preferably, the cyclic ring system is a single benzene 
ring when it is preferred that the substituents are in the ortho or meta 
positions, which benzene ring may be optionally further substituted. 

5 

The ring atoms in the cyclic assembly or assemblies are preferably 
carbon atoms but may for example include one or more ring N, S or O 
atom, in which case or cases the compound is a heterocyclic compound. 

10 Examples of such polycyclic assemblies include 

(a) condensed benzene structures such as naphthalene, anthracene, 
phenanthrene, and pyrene; 

15 (b) condensed ring structures where none of or not all of the rings are 

benzene such as azulene, indene, hydroindene, fluorene, and 
diphenylene; 



20 



(c) rings joined "end-on" such as diphenyl; 

(d) heterocyclic compounds such as quinoline, indole, 2:3 
dihydroindole, benzofuran, coumarin, isocoumarin, benzothiophen, 
carbazole and thiodiphenylamine; 

25 (e) non-aromatic or partially saturated ring systems such as decalin 

(i.e. decahydronaphthalene). a-pinene, cardinene, and bornylene; 
and 

(f) three-dimensional structures such as norbornene, bicycloheptane 
30 (i.e. norbornane), bicyclooctane, and bicyclooctene. 

Each hydrocarbyl group constituting R** and (Formula I) may for 
example be an alkyi or alkylene group or a mono- or poly-alkoxyalkyi 
group. Preferably, each hydrocarbyl group is a straight chain alkyI group. 
35 The number of carbon atoms in each hydrocarbyl group is preferably 16 

to 40, more preferably 16 to 24. 
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"I 

Also, it is preferred that the cyclic system is substituted with only two 
substituents of the general formula (I) and that A is a methylene group. 

Examples of salts of the chemical compounds are the acetate and the 
5 hydrochloride. 

The compounds may conveniently be made by reducing the 
corresponding amide which may be made by reacting a secondary amine 
with the appropriate acid chloride; and 

10 

(C) A condensate of long chain primary or secondary amine with a carboxylic 
acid-containing polymer. 

Specific examples include polymers such as described in 
15 GB-A-2.121 ,807, FR-A-2,592,387 and DE-A-3,941 ,561 ; and also esters of 

telemer acid and alkanoloamines such as described in US-A-4.639,256; 
and the reaction product of an amine containing a branched carboxylic 
acid ester, an epoxide and a mono-carboxylic acid polyester such as 
described in US-A-4,631 ,071 . 

20 

(ii) Comb Polymers 

Such polymers are polymers in which hydrocarbyl groups are pendant from a 
polymer backbone and are discussed in "Comb-Like Polymers. Structure and 
25 Properties", N A Plate and V P Shibaev, J. Poly. Sci. Macroniolecular Revs., 
8. p 117 to 253 (1974). 

Advantageously, the comb polymer is a homopolymer having, or a copolymer at 
least 25 and preferably at least 40, more preferably at least 50, molar per cent of 
30 the units of which have, side chains containing at least 6, and preferably at least 
10, atoms. 

As examples of preferred comb polymers there may be mentioned those of the 
general formula: 
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I 

C 

I 

E 



CH 

I 

G 



m 



C 

I 

K 



CH 

I 

L 



-J n 



wherein 



10 



D 

E 

G 

J 

K 

L 

R1T 
R12 



> 
> 



R11.C00R11,0C0R1"'. R12COOR11. or OR^\ 
H.CH3. D. orRi2 
H or D 

H, R12, R12COOR"'"', or an aryl or heterocyclic group, 
H. GOOR12, OCOR12, OR12. or COOH. 
H. R12, COOR12, OCOR12. coOH. or aryl. 
Cio hydrocarbyl, 
Ci hydrocarbyl, 



15 



and m and n represent mole ratios, m being within the range of from 1.0 to 0.4, n 
being in the range of from 0 to 0.6. Rii advantageously represents a 
hydrocarbyl group with from 10 to 30 carbon atoms, while R12 advantageously 
represents a hydrocarbyl group with from 1 to 30 carbon atoms. 



20 



25 



The comb polymer may contain units derived from other monomers if desired or 
required. It is within the scope of the invention to include two or more different 
comb copolymers. 

These comb polymers may be copolymers of maleic anhydride or fumaric acid 
and another ethylenicaily unsaturated monomer, e.g. an a-oiefin or an 
unsaturated ester, for example, vinyl acetate. It is preferred but not essential that 
equimdlar amounts of the comonomers be used although molar proportions in 
the range of 2 to 1 and 1 to 2 are suitable. Examples of olefins that may be 
copolymerized with e.g. maleic anhydride, include 1-decene. 1-dodecene. 
1-tetradecene, 1-hexadecene. and 1 -octadecene. 



The copolymer may be esterified by any suitable technique and although 
30 preferred it is not essential that the maleic anhydride or fumaric acid be at least 
50% esterified. Examples of alcohols which may be used include 
n-hexadecan-1-ol, n-dodecan-1-ol, n-tetradecan-1-ol, n-hexadecan-1-ol, and 
n-octadecan-1-ol. The alcohols may also include up to one methyl branch per 
chain, for example, 1-methylpentadecan-1-ol, 2-methyltrldecan-1 -ol. The 



wo 94/00535 



PCT/EP93/01669 



11 

alcohol may be a mixture of nomial and single methyl branched alcohols. It is 
preferred to use pure alcohols rather than the commercially available alcohol 
mixtures but if mixtures are used the R^s refers to the average number of carbon 
atoms in the alkyi group; if alcohols that contain a branch at the 1 or 2 positions 
5 are used R"*2 refers to the straight chain backbone segment of the alcohol. 

These comb polymers may especially be fumarate or itaconate polymers and 
copolymers such for example as those described in European Patent 
Applications 153176. 153177 and 225688, and WO 91/16407. 

0 

Particularly preferred fumarate comb polymers are copolymers of alkyI fumarates 
and vinyl acetate, in which the alkyl groups have from 12 to 20 carbon atoms, 
more especially polymers in which the alkyl groups have 14 carbon atoms or in 
which the alkyl groups are a mixture of C14/C16 alkyl groups, made, for example. 

1 5 by solution copolymerizing an equimolar mixture of fumaric acid and vinyl 
acetate and reacting the resulting copolymer with the alcohol or mixture of 
alcohols, which are preferably straight chain alcohols. When the mixture is used 
it is advantageously a 1 ;1 by weight mixture of normal C14 and Cie alcohols. 
Furthermore, mixtures of the C14 ester with the mixed C14/C16 ester may 

20 advantageously be used. In such mixtures, the ratio of C14 to C14/C16 is 

advantageously in the range of from 1 :1 to 4:1 , preferably 2:1 to 7:2, and most 
preferably about 3:1 , by weight. 

Other suitable comb polymers are the polymers and copolymers of a-olefins and 
25 esterified copolymers of styrene and maleic anhydride, and esterified 

copolymers of styrene and fumaric acid; mixtures of two or more comb polymers 
may be used in accordance with the invention and, as indicated above, such use 
may be advantageous. 

30 (iii) Poiyoxyalkylene Compounds 

Examples are poiyoxyalkylene "esters, ethers. ester/ethers and mixtures thereof, 
particularly those containing at least one, preferably at least two C10 to C30 
linear saturated alkyl groups and a poiyoxyalkylene glycol group of molecular 
35 weight up to 5.000 preferably 200 to 5,000, the alkyl group in said 

poiyoxyalkylene glycol containing from 1 to 4 carbon atoms. These materials 
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12 

form the subject of European Patent Publication 0 061 895 A2. Other such 
additives are described in United States Patent 4 491 455. 

The preferred esters, ethers or ester/ethers which may be used may be 
s structurally depicted by the formula 

R-0(A)-0-R20 

where R and R^o are the same or different and may be 

(a) n-alkyi 

o 

(b) n-alkyi- C- 

O 

15 (c) n-alkyl-0-C-(CH2)— 

O O 
II II 

(d) n-alkyl-0-C-(CH2)-C- 

n being, for example, 1 to 30, the alkyi group being linear and saturated and 
20 containing 10 to 30 carbon atoms, and A representing the polyalkylene segment 
of the glycol in which the alkylene group has 1 to 4 carbon atoms, such as 
polyoxymethylene, polyoxyethylene or polyoxytrimethylene moiety which is 
substantially linear; some degree of branching with lower alkyI side chains (such 
as in polyoxypropylene glycol) may be tolerated but it is preferred that the glycol 
25 should be substantially linear. A may also contain nitrogen. 

Suitable glycols generally are substantially linear polyethylene glycols (PEG) 
and polypropylene glycols (PPG) having a molecular weight of about 100 to 
5,000, preferably about 200 to 2,000. Esters are preferred and fatty acids 
30 containing from 10-30 carbon atoms are useful for reacting with the glycols to 
form the ester additives, it being preferred to use a C18-C24 fatty acid, especially 
behenic acid. The esters may also be prepared by esterifying polyethoxylated 
fatty acids or polyethoxylated alcohols. 
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Polyoxyalkylene diesters. diethers. ether/esters and mixtures thereof are suitable 
as additives, diesters being preferred for use in narrow boiling distillates when 
minor amounts of monoethers and mono.esters (which are often formed in the 
manufacturing process) may also be present. It is important for additive 
5 performance that a major amount of the dialkyl compound Is present. In 
particular, stearic or behenic diesters of polyethylene glycol, polypropylene 
glycol or polyethylene/polypropylene glycol mixtures are preferred. 

Examples of other compounds in this general category are those described in 
0 Japanese Patent Publication Nos 2-51477 and 3-34790. and the esterified 
alkoxylated arriines described in EP-A-1 17,108 and EP-A-326,356. 

(iv) Hydrocarbon Polymers 
5 Examples are those represented by the following general formula 



T H 

I I 
C-C 

I I 
T T 



U 

I 

C 

1 

H 



H 
I 

C 

I 

u 



- w 



20 



where T 
U 



w = 



H or alkyl 

H, T or Aryl 

I . 0 to 0.0 (mole ratio) 
0.0 to 1 .0 (mole ratio) 



These polymers may be made directly from ethylenically unsaturated monomers 
25 or indirectly by hydrogenating the polymer made from monomers such as 
isoprene, butadiene etc. 

Preferred hydrocarbon polymers are copolymers of ethylene and at least one a- 
olefin, having a number average molecular weight of at least 30VOOO. Preferably 
30 the a-olefin has at most 20 carbon atoms. Examples of such olefins are 
propylene, 1-butene. isobutene, n-octene-1. isooctene-1, n-decene-1, and 
n-dodecene-1 . The copolymer may also comprise small amounts, e.g. up to 
10% by weight of other copolyrrierizable monomers, for example olefins other 
than a-olefins. and non-conjugated dienes. The preferred copolymer is an 
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ethylene-propylene copolymer. It is within the scope of the invention to include 
two or more different ethylene-a-olefin copolymers of this type. 

The number average molecular weight of the ethylene-a-olefin copolymer is. as 
S indicated above, at least 30,000, as measured by gel permeation 

chromatography (GPC) relative to polystyrene standards, advantageously at 
least 60.000 and preferably at least 80,000. Functionally no upper limit arises 
but difficulties of mixing result from increased viscosity at molecular weights 
above about 150.000. and preferred molecular weight ranges are from 60,000 
10 and 80,000 to 120,000. 

* 

Advantageously, the copolymer has a molar ethylene content between 50 and 
85 per cent. More advantageously, the ethylene content is within the range of 
from 57 to 80%, and preferably it is in the range from 58 to 73%; more preferably 
15 from 62 to 71%. and most preferably 65 to 70%. 

Preferred ethylene-a-olefin copolymers are ethylene-propylene copolymers with 
a molar ethylene content of from 62 to 71% and a number average molecular 
weight in the range 60,000 to 120,000, especially preferred copolymers are 
20 ethylene-propylene copolymers with an ethylene content of from 62 to 71% and 
a molecular weight from 80.000 to 100,000. 

The copolymers may be prepared by any of the methods known in the art, for 
example using a Ziegler type catalyst. The polymers should be substantially 
25 amorphous, since highly crystalline polymers are relatively insoluble in fuel oil at 
low temperatures. 

The additive composition may also comprise a further ethylene-a-olefin 
copolymer, advantageously with a number average molecular weight of at most 

30 7500. advantageously from 1 ,000 to 6,000. and preferably from 2,000 to 5,000, 
as measured by vapour phase osmometry. Appropriate a-olefins are as given 
above, or styrene. with propylene again being preferred. Advantageously the 
ethylene content is from 60 to 77 molar per cent although for ethylene-propylene 
copolymers up to 86 molar per cent by weight ethylene may be employed with 

35 advantage. 

Examples of hydrocarbon polymers are described in WO-A-9 1 1 1 488. 
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(v) Sulphur Carboxy Compounds 

Examples are those described In EP-A-0,261 ,957 which describes the use of 
compounds of the general formula 

5 




in which -Y-R21 is SOs^JWNR^Rs, -S03(-)WhNR|r21, 

10 -S03<-)WH2NR3R21,.S03(-)WH3NR21, 

-S02NR3R21 or -SO3R21 ; 
-X-R13 is -Y-R21 or-CONR3Ri3, 

15 

-co2(-)Wnr|ri3. .co2<-)<*)hnr|ri3. 

-r4-coor13, .nr3cor13, 
20 -r40r13, -r40cor13. -r4,r13, 

-N(COR3)Ri3 or 2<-)WNR|R13; 
-Z(-) is S03<-) or -C02(*): 

25 

Ri3 and R2i are alkyi. alkoxyalkyi or polyalkoxyalkyi containing at least 10 
carbon atoms in the main chain; 

R3 is hydrocarbyl and each R3 may be the same or different and R^ is absent or 
30 is Ci to C5 alkylene and in 



A 

I 




the carbon-carbon (C-C) bond is either a) ethylenically unsaturated when A and 
35 B may be alkyI, alkenyl or substituted hydrocarbyl groups or b) part of a cyclic 



I 
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structure which may be aromatic, polynuclear aromatic or cyclo-aiiphatic, it is 
preferred that X-R"* and Y-R^ between them contain at least three alkyl, 
alkoxyalkyl or poiyalkoxyalkyl groups. 

5 Multicomponent additive systems may be used and the ratios of additives to be 
used will depend on the fuel to be treated. 

CONCENTRATE 

10 The concentrates of the present invention are convenient as a means for 

incorporating, the additive into bulk oil such as distillate fuel, which incorporation 
may be done by methods known in the art. The concentrates may also contain 
other additives as required and preferably contain from 3 to 75 wt%, more 
preferably 3 to 60 wt%. most preferably 10 to 50 wt% of the additives preferably 

15 in solution, in a carrier liquid as the liquid medium. Examples of carrier liquid 
are organic solvents including hydrocarbon solvents, for example petroleum 
fractions such as naphtha, kerosene, diesel and heater oil; aromatic 
hydrocarbons such as aromatic fractions, e.g. those sold under the 'SOLVESSO' 
tradename; and paraffinic hydrocarbons such as hexane and pentane. The 

20 carrier liquid must, of course, be selected having regard to its compatibility with 
the additive and with the oil. 

The additives of the invention may be incorporated into bulk oil by other methods 
such as those known in the art. If co-additives are required, they may be 
25 incorporated into the bulk oil at the same time as the additives of the invention or 
at a different time. 

The additives of this invention may be used in the presence of various other 
additives that are commonly used in fuel compositions. Examples of such other 
30 additives are rust inhibitors, dyes, detergents, demulsifiers. dispersants. 
antioxidants, antistatic agents, metal deactivators, cetane improvers and 
antismoke agents. Such other additives may be present in amounts of about 
0.001 to 5 wt%. 



wo 94/00535 PCT/EP93/01669 

17 

EXAMPLES 

The invention will now be particularly described by way of example only, as 
follows. 

5 

ADDITIVES 

The following additives were used. 
10 Ethylene- Vinyl Acetate Copolymers (Additives A-E and K-S) 



Additive 
Code 


Copolymer 1 


Copolymer II 


Average Vinyl 
Acetate Content 
(moie%) 


Vinyl 
Acetate 
Content 
(mole%) 


% in 
Additive 
(wt%) 


Vinyl 
Acetate 
Content 
(mole%) 


% in 
Additive 
. (wt%) 


A 


15.5 


100 






15.5 


B 


4.6 


100 






4.6 


0 


15.5 


75 


4.6 


25 


12.4 


D 


15.5 


50 


4.6 


50 


9.7 


E 


15.5 


25 


4.6 


75 


7.1 



Thus, Additives A and B comprise a single copolymer whereas Additives C, D 
and E comprise two copolymers. 

15 

Also, the following additives, each in the form of a single ethylene-vinyl acetate 
copolymer, were used. 
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Additive Code 



Average Vinyl Acetate 
Content (mole%) 



K 
L 



16.6 



11.1 



M 



10.2 



N 



8.5 



O 
P 
Q 
R 
S 



7.7 



6.5 



4.8 



3.8 



3.2 



The following were used as co-addltives. 
5 Polar Nitrogen Compound (Additive F) 

An N.N-dialkylammonium salt of 2-N',N*-dlalkylamido-benzoate, being the 
reaction product of reacting one mole of phthallc anhydride with two moles of 
dihydrogenated tallow amine to form a half amide/half amine salt. 

10 

Comb Polymer (Additive G) 

An itaconate polymer of number average molecular weight about 4000 as 
measured by Gel Permeation Chromatography (GPC) prepared by polymerising 
15 a monomer in a cyclohexane solvent using a free radical catalyst, the monomer 
containing linear alkyl groups of 16 carbon atoms. 

Comb Polymer (Additive H) 

20 As Additive G but wherein the monomer contains linear alkyl groups of 18 
carbon atoms. 

Comb Polymer (Additive I) 

25 A copolymer of a dialkyi fumarate, having an Mn of about 9500, obtained by 
reacting fumaric acid with a commercially available alcohol containing primary 
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n-Ci4 and n-Ci5 alcohols and a small quantity of the 2-methyl analogue of the 
alcohols, and then copolymerising with vinyl acetate in a 1 :1 mole ratio. 

Comb Polymer (Additive J) 

5 

A copolymer of a dialkyi fumarate, having an K^n of about 1 5000, obtained by 
reacting fumaric acid with a n-Ci4 alcohol and then copolymerising with vinyl 
acetate in a 1 :1 mole ratio. 

10 FUELS 



The following fuels were used having the indicated characteristics: 



Code 


% Wax (wt/wt) 
(at ICC 

below CP) 


CP (Cloud 
Point) i°C) 


D-86 Distitiatloh (''C) 


IBP 


20% 


50% 


90% 


FBP 


1 


2.4 


-4 


140 


208 


250 


334 


360 


2 


1.1 


6 


187 


224 


271 


370 


392 


3 


2.2 


-8 


138 


202 


238 


327 


366 



15 KEY : IBP is Initial Boiling Point 

FBP is Final Boiling Point 

x% is the temperature at which x% of the fuel by volume had distilled. 

TESTS 

20 

Additives were dissolved in the fuels and the following tests carried out on 
untreated fuel and on fuel treated with additives, some of which were additives of 
the invention and some of which were not, i.e. they were used for comparison. 

25 (a) Cold Filter Plugging Point (GFPP) _ . . 

The test was carried out by the procedure described in detail in -Journal of 
the Institute of Petroleum", Volume 52, Number 510, June 1966, pp. 173- 
285. This test is designed to correlate with the cold flow of. a middle 
30 distillate fuel oil in automotive diesel engines. A lower CFPP value 
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indicates a superior performance to a higher value in each table of test 
results below. 

(b) Extended Programme Cooling Test (XPCT) 

5 

The test is a slow cooling test designed to indicate whether the wax in the 
fuel will pass through filters such as those found in heating oil distribution 
systems. 

1 0 In the test, the cold flow properties of the described fuels containing the 

additives were determined as follows. 300 ml of fuel were cooled linearfy 
at a'^C/hour to the test temperature and the temperature then held constant. 
Wax which had settled in the bottle was dispersed by gentle stirring, then a 
Cold Filter Plugging Point (CFPP) filter assembly, which is described in 

15 detail in "Journal of the Institute of Petroleum", Volume 52, Number 510. 

June 1966, pp. 173-285, inserted. The tap was opened to apply a vacuum 
of 500 mm of mercury and closed when 200 ml of fuel had passed through 
the filter into the graduated receiver. A PASS was recorded if the 200 ml 
passed through a given mesh size or a FAIL if the filter became blocked. 

20 

A series of CFPP filter assemblies with filter screens of different sizes 
including LTFT {AMS 100.65) and a Volkswagen Tank filter (part no 
KA/4-270/65.431-201-511) both intermediate between 30 and 40 |im were 
used to determine the finest mesh the fuel will pass. The sizes of the filter 

25 screens were as follows in order of increasing size, i.e. in .order of 

decreasing severity as a test: 10 |i, 15 ^i. 20 |i. 25 ti. 500, LTFT. 350. VW. 
250, 200. 150, 120. 100, 80, 60, 40 and 30, where figures alone indicate 
mesh sizes. To assist comparison, results in each table are rated in 
numerical order where a lower number indicates a superior result to a 

30 higher number. 

RESULTS 

The results are shown in the tables below, where additives are referred to by the 
35 above-mentioned Additive Codes. EVA means an ethylene-vinyl acetate 

copolymer in accordance with the Additive Code and VA means vinyl acetate. 

Examples marked "comp" are comparative examples. 



« 
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Table 1 

Fuel 1; Treat Rates EVA:200 ppm; F:200 ppm; G;200 ppm without H, 

100 ppm with H; H:100 ppm 











Tests 


Example 


EVA; 


moie% 


Co-additives 


CFPP (°C) 


XPCT 




VA 






(Rating No) 


BASE 








-3.5 


30# 


1 (comp) 


A 


15.5 


F.G 


-7.5 


500# (2) 


2 (comp) 


C 


12.4 


F.G 


-9 


LIU (3) 


1 


D 


9.7 


F.G 


-13.5 


ion (1) 


2 


E 


7.1 


F.G 


-10.5 


VW (4) 


3 (comp) 


A 


15.5 


F.G.H 


-9 


500# (4) 


4 (comp) 


C 


12.4 


F.G. H 


-10 


25\JL (3) 


3 


D 


9.7 


F.G.H 


-15.5 


1 5n (2) 


4 


E 


7.1 


F.G. H 


-18.0 


lOn (1) 



5 

Table 2 

Fuel 3; Treat Rates EVA:60 ppm; F:40 ppm; 1:100 ppm 



Example 


EVA; 


mole% VA 


Tests 


CFPP (°C) 


XPCT 
(Rating No) 


BASE 






-10 




7 (comp) 


K 


16.6 


-10.5 


40# (7) 


8 (comp) 


L 


11.1 


-13 


80# (1) 


10 


N 


8.5 


-15 


80# (1) 


11 


O 


7.7 


-14.5 


80# (1) 


9 (comp) 


Q 


4.8 


-12.5 


80# (1 ) 


10 (comp) 


R 


3.8 


-12.5 


60# (5) 


11 (comp) 


S 


3.2 


-12.5 


60# (5) 
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Table 3 

Fuel 2; Treat Rates EVA:60 ppm; F:40 ppm 



example 


cr\/ A • 
cVA; 


mOievo VA 


Tests 


CFPP (°C) 

4 


XPCT 
(Rating No) 


BASE 






-1 


200# 


12 (comp) 


K 


16.6 


-4.5 


200# (6) 


13 (comp) 


L 


11.1 


-3 


200# (6) 


12 


M 


10.2 


-4 


350# (4) 


13 ■ 


N 


8.5 


-4.5 


LI hi (3) 


14 


O 


7.7 


-5.5 


25m- (2) 


15 


P 


6.5 


-4.5 


350# (4) 


14 (comp) 


R 


3.8 


-2.5 


20u(1) 
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Table 4 

Fuel 2; Treat Rates EVA:60 ppm; F:40 ppm; J:100 ppm 



Example 


EVA; 


moie% VA 


Tests 


CFPP (°C) 


XPCT 
(Rating No) 


BASE 






-1 


200# 


15 (comp) 


K 


16.6 


-4.5 


200# (6) 


16 (comp) 


L 


11.1 


-15 


200# (6) 


16 


M 


10.2 


-17 


500# (1) 


17 


N 


8.5 


-18 


350# (3) 


18 


O 


7.7 


-18.5 


500# (1) 


19 


P 


6.5 


-16 


350# (3) 


17 (comp) 


Q 


3.8 


-17.5 


350# (3) 



The "Base" example is for the fuel as such (i.e. containing no additives). 



The examples marked 1 to 19 are examples of the invention and show an 
improvement in performance over the corresponding comparative example 
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Claims: 

1 . An additive comprising one or more oil-soluble copolymers of ethylene 
and an unsaturated monomer of the general formula 

wherein R6 is hydrogen or methyl. 

r5 is a -OOCR8 group wherein R8 is a hydrogen formate or a Ci to C28. 
1 0 more usually Ci to C17, and preferably a Ci to Ce. straight or branched 

chain alkyi group, or R5 is a -COOR8 group wherein R8 is as defined 
above but is not hydrogen. 

and R7 is hydrogen or -COOR^ as defined above, and 
wherein 

15 

(i) where there is more than one copolymer, the arithmetic mean of 
the content of said unsaturated monomer in the copolymers is 
below 11 mole%. or 

20 (ii) where there is one copolymer, the content of said unsaturated 

monomer in the copolymer is In the range of 6.5 to 1 0 mole%. 

2. An additive of claim 1 comprising one copolymer wherein the range is 7 to 
10 mole%. 



25 



30 



3. An additive of claim 2 wherein the range is 8 to 10 mole%. 

4. An additive of claim 1 comprising more than one copolymer wherein the 
range is from 5 to 10 mole%- 

5. An additive of claim 4 wherein the range is from 6 to 10 mole%. 



6. An additive of any of the preceding claims in combination with one or 
more co-additives for Improving the cold flow properties of crude oil, 
35 lubricating oil or fuel oil. 



* wo 94/00535 PCr/EP93/01669 



25 

7. An additive of claim 6 wherein the one or more oil-soluble co-additives 
are selected from a polar nitrogen compound, a comb polymer, a 
potyoxyalkylene compound, a hydrocarbon polymer, and a sulphur 
carboxy compound. 

5 

8. An additive of claim 7 wherein the co-additive is a polar nitrogen 
compound comprising an amine salt or amide or both formed by reacting 
at least one molar proportion of a hydrocarbyl substituted amine with a 
molar proportion of a hydrocarbyl acid having 1 to 4 carboxylic acid 

10 groups or its anhydride. 

9. An additive of any of the preceding claims wherein said unsaturated 
monomer is vinyl acetate or vinyl propionate. 

15 10. A composition comprising an admixture of a major proportion of a crude 

oil, lubricating oil or a fuel oil and a minor proportion of an additive of any 
of the preceding claims. 

11. A composition of claim 10 containing the additive, including the co- 

20 additive if present, in a total proportion of from 50 to 500 ppm by weight 

based on the weight of the oil. 

12. A composition of claim 10 or claim 1 1 wherein the oil is a middle distillate 
fuel oil. 

25 

13. An additive concentrate comprising an additive of any of claims 1 to 9 in 
an oil or a solvent miscible with oil. 

1 4. The use of an additive of any of claims 1 to 9 to Improve the low 
30 temperature properties of an oil. 

15. The use of claim 14 wherein the oil is a fuel oil. 



16. The use of claim 15 wherein the fuel oil is a middle distillate fuel oil. 



35 
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